Prospect theory is a very effective method to express behavioral decision making under uncertainty. This paper attempts to develop a method to multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information using prospect theory. This method first transforms Atanassov's interval-valued intuitionistic fuzzy variables into the prospect values using the value function in prospect theory. Based on the aspiration levels, Atanassov's intuitionistic fuzzy prospect gain and loss matrices are obtained. Then, using the Atanassov's interval-valued intuitionistic hybrid weight averaging (IVIHWA) operator or the Atanassov's interval-valued intuitionistic hybrid Shapley weight averaging (IVIHSWA) operator, the comprehensive Atanassov's interval-valued intuitionistic fuzzy prospect value of each alternative is calculated. According to the comprehensive Atanassov's interval-valued intuitionistic fuzzy prospect values, a ranking method of alternatives is presented. Finally, two illustrative examples are selected to show the feasibility and availability of the proposed method.
Introduction
Because of the highly complex social and economic environment, the decision information of alternatives is usual incompletely known. Hence, fuzzy decision making has become a hot research point and has achieved many important results [1] [2] [3] [4] [5] [6] [7] . Atanassov's interval-valued intuitionistic fuzzy sets (IVIFSs) [8] , as an important extending form of Zadeh's fuzzy sets, have received considerable attentions, which are characterized by an interval membership function and an interval non-membership function. In 1994,tional laws on IVIFSs [17] as well as the ranking method for the score and accuracy functions [18] .
Besides the aggregation operators on IVIFSs, many researchers devoted themselves to decision making with Atanassov's interval-valued intuitionistic fuzzy information [19] [20] [21] [22] [23] and applied the Atanassov's interval-valued intuitionistic fuzzy theory in many fields [24] [25] [26] [27] [28] . Although many multi-attribute decision making approaches with under Atanassov's interval-valued intuitionistic fuzzy information are researched, none of them consider the decision makers' risk attitudes. Prospect theory proposed by Kahneman and Tversky [29] seems to well deal with this issue, which has become one of the most important descriptive alternatives to expectation utility theory. The rationality of prospect theory was widely supported by experimentations. The core of prospect theory is the value function, which shows the risk aversion for gains, and reflects the risk propensity for losses [30] . Prospect theory has been successfully applied the behavioral decision-making model [30] [31] [32] [33] [34] [35] . For the moment, there are few researches about the application of prospect theory to Atanassov's interval-valued intuitionistic fuzzy multi-attribute decision making problems. The purpose of this paper is to analyze a method to multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information problems using prospect theory, which considers the decision makers' attitudes for gains and losses. Based on the Atanassov's interval-valued intuitionistic hybrid weight averaging (IVIHWA) operator or the interval-valued Atanassov's hybrid Shapley weight averaging (IVIHSWA) operator, the comprehensive attribute Atanassov's interval-valued intuitionistic fuzzy prospect values are obtained. Then, a ranking method is introduced.
This article is organized as follows: In section 2, some basic notions are briefly reviewed. In section 3, the gain and loss IVIFN decision matrices are obtained by calculating gain and loss IVIFNs of every alternative for the reference point. Based on the value function in prospect theory, the Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices are got, whose elements are Atanassov's interval-valued intuitionistic fuzzy prospect values. Then, the IVIHWA and IVIHSWA operators are defined to aggregate Atanassov's interval-valued intuitionistic fuzzy prospect values. Furthermore, a method to multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information based on prospect theory is developed. In section 4, the associated examples are selected to illustrate the availability of the procedure method.
Some basic concepts

Atanassov's interval-valued intuitionistic fuzzy sets
In order to overcome the drawback of Zadeh's fuzzy sets that only give us the membership information, Atanassov and Gargov [8] presented the concept of IVIFSs, which do not only provide us the membership information, but also offer the non-membership information and the accuracy information. As Beliakov et al. [16] pointed for IFNs, there exist some undesirable properties of the operational laws on IVIFSs [17] as well as the ranking method for the score and accuracy functions [18] , such as the operations (3) and (4) 
Prospect theory
Prospect theory, as the most popular behavioral decision theory, was initially introduced by Kahneman and Tversky [29] . In prospect theory, the value function plays a key role, which owns the following characteristics: (i) The definition domain is deviation from the given reference point; (ii) For gains, it is a concave function, and for losses, it is a convex function; (iii) it is more gently for gains than for losses. Kahneman and Tversky [29] introduced the following explicit expression of the value function 0 ( ) ( ) 0
where and , respectively, denote parameters for , represents the steep degree for losses such that >1 for risk aversion.
Kahneman and Tversky [29] considered = =0.88, and =2.25, which are obtained by experimentally data. Abdellaoui [38] suggested that the values of and equal 0.89 and 0.92, respectively. Furthermore, Kallneman and Tversky [29] suggested that belongs to [2, 2.5] .
In view of the above characteristics of the value function, it can be described by an S-shaped function as illustrated in Fig. 1 . This section develops a method to multi-attribute decision making based on prospect theory, where the alternative values and the attribute preference points are IVIFNs. First, let us consider the so-called Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices.
Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices
Let us review the difference on interval numbers.
[ [40] proposed the generalized Hukuhara difference as follows: More details can be seen in [40] . In this paper, without special explanation, we will adopt the generalized Hukuhara difference on interval numbers.
Form Eq.(1), it is easy to drive that the value function in prospect theory defined on interval numbers can be expressed by [ , ] [ , ],
Consider a multi-attribute decision making problem, without loss of generality, suppose there are m alternatives A={a 1 , a 2 
On 
valued intuitionistic fuzzy prospect gain and loss values with respect to and . The absolute index is defined by ( , ) ( ) n n jj j 
, 2, …, n. Furthermore, if w j =1/n for all j=1, 2, …, n, then the IHWA operator reduces to be the IWAA operator [16] , and if i =1/n for all i=1, 2, …, n, then the IHWA operator degenerates to be the Atanassov's intuitionistic ordered weight averaging (IOWA) operator 
, 
Models for the optimal weight vectors
To calculate the comprehensive Atanassov's intervalvalued intuitionistic fuzzy prospect gain and loss values, it uses the weight vectors on the element set and on the ordered set. If the weight information is not exactly known, then it needs first to obtain the weight vectors on them.
Since all alternatives are no-inferior, and the optimal weight vector makes the comprehensive values of alternatives the bigger the better. Consider the multi-attribute decision making problem given in section 3.1, if the weight vector on the attribute set C is not exactly known, then we build the following model to obtain the optimal weight vector . 
where j c W is the known weight information of the attribute c j , j=1, 2, …, n. Similarly, if the weight vector on the ordered set N is not exactly known, then we establish the following model to obtain the optimal weight vector w.
where j W is the known weight information of the jth position j=1, 2, …, n, N for each i=1, 2, …, m such that ( ) i j and ( ) i j being the jth largest values of ij and ij .
To consider the interactions between elements in a set, by the Shapley function the following model for the optimal fuzzy measure on the attribute set C is constructed. 
t v S v T S T C s t S T v c W v c j n
. (6) Similarly, model for the optimal fuzzy measure v on the ordered set N is constructed as follows:
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The decision procedure
Based on Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices, this section develops a method to multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information based on prospect theory. It contains the following main steps
Step with respect to c j .
Step 2: If all the attributes c j (j=1, 2, …, n) are benefits, then turn to Step 3, otherwise, it needs to transform the IVIFV matrix (see [41] ).
Step 3: With respect to the IVIFN reference vector Step 4: Calculate Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices
Step 5: Use models (4) and (5) to get the weight vectors on the attribute set and on the ordered set.
Step 6: Use the IVIHWA operator to compute the comprehensive Atanassov's interval-valued intuitionistic fuzzy prospect gain value 2 , 1 IVIHWA ( , ,..., ) IVIHWA ( , ,..., ) Step 8: Select the best choice(s).
Remark 3.3
According to the procedure for the multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information based on prospect theory, one can easily drive a decision method to multi-attribute decision making with Atanassov's intuitionistic fuzzy information based on prospect theory. Furthermore, if we further consider the interactive characteristics between elements, by models (6) and (7) we can obtain the optimal fuzzy measures on the attribute set and on the ordered set. Then, the comprehensive attribute values of the alternatives can be obtained using the IVIHSWA operator.
Two illustrative examples
Example 4.1 According to the suppliers' core competencies, a manufacturing company intends to select the best one (adapted from Ref. [46] ). There are four suppliers {a 1 , a 2 , a 3 , a 4 } are evaluated according to the four factors: (1) c 1 is the technology innovation ability; (2) c 2 is the flow control ability; (3) c 3 is the management ability; (4) c 4 is the service level.
The four possible alternatives a i (i=1, 2, 3, 4) are to be evaluated utilizing the Atanassov's intuitionistic fuzzy information by a panel of experts. The IFN decision matrix is listed as follows: For example, the experts think that a good supplier's the level of technology innovation with 50%, and its insufficiency with respect to the level of technology innovation with 20%. Suppose the attribute weights are given by 1 0. Step 3: Use the IHWA operator to calculate the comprehensive Atanassov's intuitionistic fuzzy prospect gain value, take 1 ' for example, Take the first element in S for example; the experts think that a good investee firm's risk tolerance with a
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Step 1: Since the attributes c 1 Step 2: With respect to ' S , interval-valued Atanassov's intuitionistic fuzzy prospect gain matrix is obtained by
.
Furthermore, Atanassov's interval-valued intuitionistic fuzzy prospect loss matrix is got by Step 4: From model (4), it drives the following programming for the optimal weight vector on the attribute set C = {c 1 , c 2 , c 3 }. (5), it drives the following programming for the optimal weight vector on the ordered set N = {1, 2, 3}. Step 5: According to the IVIHWA operator, the comprehensive Atanassov's interval-valued intuitionistic fuzzy prospect gain value of the alternative a 1 is obtained as follows: The IIWAA operator [13] The IIOWA operator [13] The IIHA operator [13] The IIFWGA operator [12] The IIFOWGA operator [12] The IIFWHGA operator [12] The IVIFCA operator [14] The IVIFCG operator [14] The IVIFHSA operator [42] The GSAIVIFCA operator [48] 
Conclusions
Since prospect theory well describes the decision makers' behaviors for the gain and loss situations, it has become the most important behavioral decision making method under risk and uncertain. Based on prospect theory, this article effectively studies multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information. By the IVIFN preference vector on the attribute set, the IVIFN gain and loss matrices are defined. Then, the Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss matrices are obtained using the value function in prospect theory. Furthermore, an order relationship is introduced. In order to get the comprehensive Atanassov's interval-valued intuitionistic fuzzy prospect gain and loss values of the alternatives, the IVIHWA and IVIHSWA operators based on additive measures and fuzzy measures are, respectively, defined. Moreover, the linear programming models are built, by which the optimal weight vectors can be obtained. As a series of development, a method to multi-attribute decision making with Atanassov's interval-valued intuitionistic fuzzy information is developed, which differs from any existing one. It is worth pointing out that the method can be directly used in the setting of Atanassov's intuitionistic fuzzy environment. Furthermore, besides the application of the developed procedure in the decision making, it can also be used in some other fields, such as industrial engineering, expert systems, neural networks, digital image processing, and uncertain systems and controls.
